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Abstract 
Before commissioning, Pressurised Heavy Water Reactor (PHWR) containments are tested for their integrity at proof pressure 
and Loss-of-Coolant Accident (LOCA) pressure. During operation, as per the current practice for Indian PHWR containments, 
in-service Integrated Leakage Rate Test (ILRT) is done once in two years at about one third of LOCA based test pressure. Kaiga 
Generating Station unit-2 (KGS-2) has been in operation for more than 11 years. For the first time, a periodic ILRT at LOCA 
pressure (0.86 kg/cm2 (g)) was conducted at KGS-2. During this ILRT, structural monitoring of pre-stressed concrete primary 
containment was carried out.  
The deflection and strains at critical locations in the IC were recorded during ILRT mainly to compare the same with the values 
obtained from analytical study and with those observed during the first ILRT. The strain and deflection measurements were taken 
using vibrating wire strain gauges (VWSG) and high precision dial gauges respectively connected to data-logger. 
This technical paper highlights the structural behaviour of KGS-2 primary containment after 11 years of operation.  
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1. Introduction 
The Indian Pressurised Heavy Water Reactors (PHWR) are designed and constructed to have a double 
containment system wherein primary containment is a pre-stressed concrete cylinder with a pre-stressed concrete 
segmental dome. The outer containment encompasses the primary containment and is made of reinforced concrete. 
The primary containment dome of a typical 220 MWe PHWR is provided with four large size openings in order to 
facilitate replacement of steam generators at later date during the operating life of the plant. The primary 
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containment is 42.56 m in diameter and 48.83 m in height. A cross section of a typical 220 MWe Indian PHWR with 
primary and outer containments is shown in Fig. 1. 
 
Before commissioning, in order to ensure the structural integrity of the primary containment  under the 
design basis accident pressures i.e. proof pressure and Loss-of-Coolant Accident (LOCA) pressure and to ensure 
elastic behavior of the primary containment, the containment is pressurized upto its design pressure. Deflection and 
strain measurements are taken during this structural integrity test.  
After commissioning, during operation, as per the current practice for Indian PHWR containments, in-
service Integrated Leak Rate Test (ILRT) is done once in two years at about one third of LOCA pressure. LOCA 
pressure for typical 220 MWe PHWR is 0.86 kg/cm2(g). Kaiga Generating Station unit-2 (KGS-2) was 
commissioned in the year 1999. After eleven years of operation, for the first time, a periodic ILRT at full LOCA 
pressure (0.86 kg/cm2 (g)) was conducted for primary containment of KGS-2.  
 
This paper presents a comprehensive study of the performance and structural response of KGS-2 primary 
containment under internal pressure after 11 years of operation. The measured strains and deflections are also 
compared with the theoretical prediction computed using finite element analysis during design stage. On the basis of 
comparison, it is concluded that the behavior of primary containment are matching well with the theoretical 
prediction and behavior observed during commissioning. 
 
 
Fig. 1:  Cross section of a typical 220 MWe Indian PHWR 
2. Scheme of Measurement of Deflection and Strain 
The deflection of primary containment has been measured at 15 locations. The deflections have been 
measured with the help of high precision dial gauges. The locations of deflection measurement are given below. 
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• Vertical deflections (VD) of dome at crown of dome. 
• Vertical deflections at four Steam Generator (SG) openings.  
• Vertical deflection of primary containment wall at the top of ring beam at four azimuths.  
• Radial deflections (RD) of ring beam at two azimuths. 
• Radial deflections of primary containment wall at mid height (EL 113m) of primary containment at four 
azimuths. 
 
The strain measurements in the primary containment dome have been taken at 8 locations using embedded 
wire strain gauges (VWSG) connected to automatic data logger.  
3. Procedure for Integrated Leakage Rate Test 
 
The ILRT of primary containment has been carried out at LOCA pressure of 0.86 kg/sq. cm(g). Prior to 
pressurization of the containment, dummy runs were taken to establish the stability of measuring instrumentations as 
well as generating base line data for varying weather condition over a period of 48 hours. The readings of the 
measuring instruments were taken at 7 steps i.e., 0.0, 0.35, 0.70, 0.86, 0.7, 0.35, 0.0 kg/sq. cm(g). Readings were 
also taken to assess the recovery of the primary containment structure.  
The behavior of the structure at each stage was monitored, compared with the design predictions and 
recorded using data acquisition system.  
4. Analysis of Deflection Data 
Table 1 shows the comparison of measured deflections in the year 1999, year 2010 and to those predicted 
values from the finite element analysis.  
Table 1: Predicted and Observed Values of Deflection of Primary Containment  
Sl. 
No Dial Gauge Location 
Predicted values 
(mm) at 
0.86 kg/sq.cm 
Observed values 
(mm) in 1999 at 
0.86 kg/sq.cm 
Observed values 
(mm) in 2010 at 
0.86 kg/sq.cm 
1 Dome Crown (Vertical) 7.02 4.90 5.05 
2 SG-1 opening (vertical) 6.46 4.12 4.60 
3 SG-2 opening (vertical) 6.46 3.72 4.74 
4 SG-3 opening (vertical) 6.46 4.39 4.50 
5 SG-4 opening (vertical) 6.46 4.26 4.66 
6 Ring beam (East-Vertical) 1.79 1.27 1.45 
7 Ring beam (North-Vertical) 1.79 1.68 1.47 
8 Ring beam (South-Vertical) 1.79 1.32 1.48 
9 Ring beam (West-Vertical) 1.79 1.31 1.44 
10 Ring beam (North-Radial) -0.96 -0.55 -0.47 
11 Ring Beam (South-Radial) -0.96 -0.44 -0.49 
12 EL 113m (East-Radial) 2.70 1.89 2.13 
13 EL 113m (North-Radial) 2.70 1.83 1.33 
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14 EL 113m (South-Radial) 2.70 1.79 1.87 
15 EL 113m (West-Radial) 2.70 1.54 1.54 
 
From Table 1, it is observed that the measured values of deflections of primary containment are within the predicted 
values at all the locations and are matching with the values measured during first ILRT in the year 1999.   
5. Analysis of Strain Data 
Table 2 shows the comparison of measured strains in concrete in the year 1999, year 2010 and to those 
predicted values from the finite element analysis.  
Table 2: Predicted and Observed values of Strain in primary containment 
 
Sl. 
No. Strain Gauge location 
Predicted values 
(microstrain) at 
0.86 kg/sq.cm 
Observed values 
(microstrain) in 1999 
at 0.86 kg/sq.cm 
Observed values 
(microstrain) in 2010 
at 0.86 kg/sq.cm 
1 Ring Beam 12.10 11.90 14.72 
2 Ring Beam 12.10 15.12 11.52 
3 Dome 27.68 17.83 19.60 
4 Dome 63.47 54.76 61.45 
5 Dome 94.69 50.55 51.80 
6 Dome 88.28 51.82 53.70 
7 Dome 93.80 59.38 67.80 
8 Dome 86.54 51.83 52.55 
 
From Table 2, it may been observed that the measured values of strain in primary containment are within the 
predicted values at most of the locations and are matching with the values measured during first ILRT in  the year 
1999.   
 
6. Comparison of Predicted and Measured Values 
 
Table 1 shows the deflections of primary containment at various locations due to internal pressure along 
with those obtained from FE analysis. The observed values in year 1999 and 2010 (after 11 years of operation), are 
quite comparable and are on lower side compared to the predicted deflection values. 
Strain measurements made in the IC dome are compared with those obtained from FE analysis results are 
compared in Table 2. Although observed strains are quite comparable, in general, with the predicted strain values in 
most of the locations and are on the lower side compared to the predicted strain values. The variation in measured 
strains and the corresponding analytical values may be attributed to the variation of depth of embedment from the 
mid surface, approximation in the modeling etc.   
7. Recovery of Primary Containment After Depressurisation 
Deflection of primary containment during pressurization and depressurization are measured. After full 
depressurization, recovery of primary containment was calculated at various locations as mentioned in Table 3. One 
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of the qualification criteria of primary containment is that recovery shall be more than 80% after 24 hours of 
depressurization.  
From the pressure v/s deflection curves during pressurization and depressurization, it is seen that recovery 
of primary containment immediately after depressurisation is 70 to 85%. Measured recovery is more than 90% after 
24 hours of depressurization. This proves that the behavior of primary containment is elastic.   
Table 3: Measured recovery of primary containment after depressurisation 
 
Sl. 
No Dial Gauge Location 
Immediate Recovery after 
depressurisation Recovery after 24 hours 
1 Dome Crown (Vertical) 86% > 90% 
2 SG-2 opening (vertical) 83% > 90% 
3 SG-3 opening (vertical) 80% > 90% 
4 SG-4 opening (vertical) 81% > 90% 
5 EL 113m (East-Radial) 74% > 90% 
6 EL 113m  (North-Radial) 77% > 90% 
7 EL 113m (South-Radial) 89% > 90% 
8 EL 113m (West-Radial) 77% > 90% 
9 Ring beam (East-Vertical) 86% > 90% 
10 Ring beam (North-Vertical) 83% > 90% 
11 Ring beam (South-Vertical) 80% > 90% 
12 Ring beam (West-Vertical) 76% > 90% 
13 Ring beam (North-Radial) 72% > 90% 
14 Ring Beam (South-Radial) 76% > 90% 
 
8. Conclusion 
 
For the first time, ILRT of primary containment at LOCA pressure was carried out successfully after 11 
years of operation. The deflection and strain in primary containment were measured and compared with the 
predicted analytical values and the readings measured during the first ILRT in the year 1999. Based on the 
comparison, the following conclusions were drawn.   
    
i) At all the locations, the observed deflection values of IC (in the year 2010) are matching with the observed 
deflection values during first ILRT (in the year 1999).  The values are less than the predicted deflection 
values. 
ii) The recovery of IC immediately after depressurisation is 70 to 85%. The recovery is more than 90% after 24 
hours of depressurization.   
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iii) From the deflection v/s pressurization and de-pressurization curves and recovery measurement, it is proved 
that the behaviour of containment is elastic. 
(iv)    The dial gauges can be installed easily before conducting the pressure test. Strain gauges are embedded in the 
concrete during construction and are non-replaceable and non-repairable during the operating life. Hence, dial 
gauges can be more reliable as compared to strain gauges for long term structural monitoring of the primary 
containment. 
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